High Pulsed Power Electromagnetic (HPEM) devices are used in numerous applications including vacuum electronics, particle accelerators, and microwave generators. Stable, long term HPEM device operation is presently constrained by pulse shortening due to plasma formation in the anode-cathode gap region. Plasma is formed through collisions between secondary electrons and gas molecules, both of which are produced by high energy electron impact at the anode; hydrogen is the most abundant species desorbed from metal surfaces by high energy electron impact. The purpose of the work described here was to determine the feasibility of using anodes of 304 stainless steel (SS), processed by laser surface melting (LSM), to reduce hydrogen outgassing. The LSM technique entails irradiating a sample with the output of a high energy, continuous laser beam, thereby causing melting, flow and re-solidification of the material as the laser beam is scanned across the anode surface. When compared to more conventional processing techniques, such as electropolishing, LSM processing introduces significantly fewer contaminants (especially hydrogen) into the anode surface and has the potential to reduce outgassing by decreasing the number of grain boundaries through which hydrogen can diffuse.
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Hydrogen outgassing was induced by repeated pulses (60 s duration) of 60 keV electrons onto LSM-treated and untreated SS samples and recording the H 2 signal with a line of sight residual gas analyzer. The data show at least a five-fold reduction in hydrogen outgassing from the LSM treated sample, compared to those that were untreated. The H 2 signal from the untreated sample exhibited an initial rapid increase with increasing electron dose, followed by a slow decrease. In contrast, the LSM treated sample exhibited a monotonic, gradual increase with electron dose that approached the same limit as the untreated sample. We discuss the mechanism for these findings. Our results indicate that LSM is a feasible process for reducing hydrogen outgassing from SS anodes. ________________________________ * This work was supported by Air Force contract FA8650-11-D-5401 at the Materials & Manufacturing Directorate (AFRL/RXAP). The authors thank John Luginsland and Jason Marshall at AFOSR for supporting this work.
